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Introduction 


The  U.S.  Army  trains  aviation  personnel  to  the  highest  standards,  provides  well-maintained 
aircraft,  and  practices  prudent  flight  rules,  but  occasionally  an  aircraft  suffers  a  mechanical 
failure  or  human  factor  related  mishap.  If  the  unplanned  termination  of  the  flight  is  not  near  the 
origin  or  destination  airfield,  then  a  search  must  be  initiated  to  locate  the  aircraft. 

Five  factors  have  been  linked  to  survivability  in  aircraft  accidents:  Crashworthiness, 
restraint,  environment,  energy  absorption,  and  postcrash  factors.  DeHart  and  Beers  (1985) 
emphasize  the  importance  of  rapid  search  and  rescue  to  preserve  life.  In  this  study,  among  607 
accident  survivors,  successful  recovery  was  time-dependent.  Of  the  survivors,  68  percent  were 
recovered  in  the  first  24  hours  and  75  percent  recovered  within  48  hours.  The  life  expectancy  of 
injured  survivors  decreases  by  up  to  80  percent  after  the  first  24  hours  and  the  survival  of 
uninjured  survivors  diminishes  rapidly  after  3  days.  If  the  rescue  is  delayed  beyond  2  days,  then 
the  overall  rate  drops  to  less  than  10  percent.  Adverse  weather  and  darkness  were  important 
factors  influencing  recovery  times  (DeHart  and  Beers,  1985). 

U.S.  Army  aircraft  fly  assigned  missions,  and  flight  plans  are  used  to  follow  the  flight  to 
successful  termination.  The  unit  is  alerted  and  search  procedures  are  immediately  initiated  if  a 
flight  is  reported  in  distress  or  overdue.  As  a  result,  most  Army  aircrew  are  rescued  or  recovered 
soon  after  a  mishap. 

This  is  a  retrospective  study  of  the  recent  U.S  Army  experience  at  the  mishap  site  and 
aircrew  rescue.  First,  it  examines  the  likely  number  of  survivors  and  survival  equipment  at  the 
mishap  site.  Second,  the  time  interval  from  the  mishap  to  the  arrival  of  rescue  personnel  is 
reviewed.  Finally,  a  second  group  of  mishaps,  in  which  the  time  to  reach  the  accident  exceeded 
2  hours,  is  compared  with  the  normal  experience  to  identify  factors  that  may  be  associated  with 
delays  in  reaching  a  mishap  site. 

Flight  surgeons,  commanders,  and  individual  airmen  will  find  this  information  helpful  in 
evaluating  missions  that  may  be  associated  with  delay  in  reaching  a  downed  aircraft.  These 
missions  require  special  attention  to  survival  equipment  and  aircrew  survival  training. 


Methods 


Mishap  data 

The  U.S.  Army  Safety  Center  at  Fort  Rucker,  Alabama,  investigates  most  U.S.  Army 
aircraft  accidents  and  collects  specific  information  on  all  accidents  to  prevent  their  recurrence. 
The  mishaps  are  grouped  from  Class  A  to  E  according  to  the  aircraft  damage  and  injuries  to 
personnel  as  summarized  in  Table  1.  A  synopsis  of  all  U.S.  Army  Class  A,  B,  and  C  aviation 
accidents  from  October  1988  to  June  1990  was  obtained  from  the  U.S.  Army  Safety  Center. 
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Table  1. 

Definition  of  U.S.  Army  Class  A-E  mishaps  in  1990. 


Class 

Includes  any  of  the  following: 

A 

Loss  of  life  or  permanent  total  disability  of  a  crewman 

Total  loss  of  an  aircraft 

Damage  in  excess  of  $1,000,000 

B 

Permanent  partial  disability  of  a  crewman 

Damage  between  $200,000  and  $999,999 

C. 

Temporary  disability  of  a  crewman  in  excess  of  the  duty  day 

Damage  between  $10,000  and  $199,999 

D 

Damage  between  $2000  and  $9999 

E 

Damage  <  $2000 

Among  this  group  of  216  mishaps,  97  were  selected  for  study  because  they  included  a 
human  factors  evaluation.  This  evaluation  includes  what  survival  equipment  was  available  at  the 
mishap  site  and  the  time  to  reach  the  downed  aircrew.  U.S.  Army  aircraft  involved  in  the 
mishaps  included  UH-1,  UH-60,  OH-58,  AH-1,  and  AH-64  helicopters,  and  OV-1,  U-21,  and  C- 
12  fixed-wing  aircraft.  The  mishaps  that  were  not  studied  involved  mechanical  failures  during 
run-up  and  ground  handling  mishaps  where  no  injuries  occurred  and  aircrew  survival  investiga¬ 
tion  was  not  performed.  Each  of  the  97  accident  briefs  includes  the  type  of  aircraft,  survival 
equipment,  time  for  rescue  personnel  to  reach  the  mishap  site,  and  a  100-word  narrative 
summary  describing  the  accident.  The  time  to  reach  the  mishap  site  is  used  synonymously  with 
the  rescue  time  in  this  report. 

The  mishap  summaries  were  evaluated  to  determine  the  number  of  survivors  at  each 
mishap  site  and  the  type  of  survival  equipment  available.  Finally,  the  average  time  required  for 
rescue  personnel  to  reach  the  downed  aircraft  was  checked. 


Comparison  data 

Initial  review  of  the  U.S.  Army  rescue  experience  showed  that  most  mishap  sites  were 
reached  quickly.  A  comparison  group  of  mishaps,  in  which  there  was  a  delay  in  reaching  the 
aircrew,  was  selected  to  investigate  factors  associated  with  delays  in  reaching  downed  aircrew. 
The  comparison  group  includes  37  mishaps  that  occurred  between  January  1980  and  June  1990. 
There  are  all  Class  A,  B,  or  C  accidents  from  the  U.S.  Army  Safety  Center  in  which  the  time  to 
reach  the  mishap  exceeded  2  hours.  Notably,  this  represents  less  than  4  percent  of  the  mishaps 
that  occurred  during  the  period. 
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Assessment  of  relative  risk 


The  narrative  summary  from  each  accident  brief  was  reviewed  to  determine  if  adverse 
environmental  conditions,  specific  adverse  crash  factors,  or  fatalities  were  present.  Adverse 
environmental  conditions  included  Instrument  Meteorologic  Conditions  (IMC),  night,  over¬ 
water,  or  mountainous  terrain.  Note  also  was  made  if  a  sudden  aircraft  failure  prevented  radio 
calls  for  assistance  prior  to  impact.  These  sudden  factors  included  catastrophic  engine  failures, 
wire  strikes,  and  tail  rotor  failures. 

The  frequency  of  each  adverse  condition  was  checked  for  the  recent  mishap  group  and 
comparison  group  where  time  to  reach  the  aircrew  exceeded  2  hours.  The  frequency  of  the 
adverse  condition  in  each  group  was  used  to  form  a  2x2  table.  This  compares  the  presence  of  the 
factor  in  normal  and  >2-hour  rescue  groups.  The  relative  risk  was  approximated  by  calculating 
the  odds  ratio  for  each  adverse  condition.  A  Chi-square  value  was  used  to  assess  the  probability 
of  a  difference  in  the  associated  factor  between  normal  and  >2-hour  rescue  groups  (Armitage  and 
Berry,  1987;  Mausner  and  Kramer,  1985). 


Results 


Time  to  reach  the  mishap  site 

U.S.  Army  aircrew  were  reached  quickly  after  a  mishap.  The  average  time  required  to 
reach  a  downed  aircrew  was  2.2  hours  due  to  a  few  very  long  rescue  times,  but  over  90  percent  of 
the  mishap  sites  were  reached  in  much  less  than  2  hours.  There  were  no  mishaps  where  a  delay 
in  reaching  the  crash  site  resulted  in  the  loss  of  an  airman. 


Number  of  survivors  and  survival  equipment 

Most  Army  aircraft  are  flown  with  at  least  a  two-person  crew,  while  transport  and  medevac 
helicopters  may  fly  with  a  four-person  crew.  This  contributes  to  the  finding  of  two  or  more 
survivors  at  many  mishap  sites  as  detailed  in  Figure  1. 

Each  crewmember  wears  a  personal  survival  vest,  and  additional  survival  equipment 
frequently  is  carried  in  the  aircraft  when  flying  over  water  or  over  hazardous  terrain.  As  a  result, 
personal  survival  equipment  should  be  available  at  each  mishap  site.  The  human  factors 
evaluation  of  these  mishaps  confirmed  that  survival  equipment,  either  a  personal  survival  vest  or 
survival  kit,  was  present  at  98  percent  of  the  mishap  sites. 
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Four  or  more 


(11.8%)  None  (10.9%) 


Figure  1.  Number  of  survivors  at  each  mishap  site. 


Adverse  factors  associated  with  prolonged  rescue 

Overall,  less  than  2  hours  were  required  to  reach  most  downed  aircrew.  Sudden  aircraft 
failures,  environmental  factors,  and  fatalities  were  found  more  frequently  in  the  mishaps 
requiring  2  or  more  hours  to  reach  the  mishap  site  as  noted  in  Table  2.  Sudden  aircraft  failures 
were  three  times  more  common  in  the  >2-hour  rescue  group. 

If  the  mishap  occurred  at  night,  it  was  eight  times  more  likely  that  the  rescue  would  be 
delayed  compared  to  a  daytime  mishap.  If  the  mishap  occurred  in  adverse  weather,  including 
Instrument  Meteorologic  Conditions  (IMC)  or  below  minimums,  the  rescue  was  four  times  more 
likely  to  require  more  than  2  hours. 

Over  water  mishaps  were  seven  times  more  likely  than  land  accidents  to  result  in  greater 
than  2-hour  rescue.  In  addition,  if  the  mishap  occurred  in  mountainous  terrain,  it  was  six  times 
more  commonly  associated  with  prolonged  rescue. 

Fatalities  also  were  found  3.5  times  more  commonly  in  accidents  where  the  time  to  reach 
the  mishap  site  exceeded  2  hours.  Most  likely,  this  is  an  indirect  effect,  since  no  mishap 
summary  discussed  a  loss-of-life  from  prolonged  rescue. 
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Table  2. 


Comparison  of  adverse  factors  among  normal  rescue 
mishaps  and  mishaps  requiring  greater 
than  2  hours  to  rescue.* 


Adverse  factor 

All 

mishaps 
(N  =  97) 

Rescue 
>2  hours 
(N  =  97 

Odds 

ratio 

X2 

P 

Sudden  aircraft  failure 

19 

15 

2.8 

6.2 

<0.025 

Night 

7 

14 

7.8 

19.0 

<0.001 

IMC  or  fog 

6 

8 

6.8 

<0.01 

Mountainous  terrain 

7 

12 

6.2 

14.0 

<0.001 

Over  water 

3 

7 

mm 

<0.01 

Fatality 

19 

17 

3.5 

9.4 

<0.01 

Discussion 


Most  U.S.  Army  aircraft  are  reached  promptly  after  a  mishap  and  the  Army  experience  is 
better  markedly  than  the  civilian  experience  reported  by  DeHart  and  Beers  (1985).  Likely 
explanations  include  the  widespread  use  of  flight  plans  and  the  military  organization  available  to 
promptly  initiate  a  search  for  an  overdue  aircraft.  For  comparison,  in  1982  the  FAA  General 
Aviation  Activity  and  Avionics  Survey  reported  that  flight  plans  are  used  for  only  18  percent  of 
general  aviation  flights.  The  rapid  overall  rescue  of  Army  aircrew  resulted  in  the  finding  of  no 
fatalities  from  delays  in  aircrew  rescue  for  the  20-month  period. 

The  widespread  use  of  the  survival  vest  means  some  signal  and  survival  materials  were 
available  to  assist  the  downed  aircrew.  The  U.S.  Army  rescue  experience  supports  the  U.S.  Navy 
and  Marine  Corps  policy  requiring  man-carried  survival  items  for  the  first  6  hours  supplemented 
by  stowed  survival  items  for  the  first  24  hours  (Gillespie  and  Sloane,  1987).  In  addition,  the  U.S. 
Army  currently  is  fielding  a  new  survival  radio  (AN/PRC- 1 12)  with  increased  range  and  tracking 
abilities  that  may  further  decrease  rescue  time  in  the  future  (Chowen,  1990). 

Two  or  more  survivors  were  present  at  a  mishap  location  in  over  70  percent  of  the  mishaps 
studied.  If  there  are  two  or  more  survivors,  then  several  survival  tasks,  such  as  signal  and 
firemaking,  can  be  completed  at  once.  In  addition,  an  injured  person  is  likely  to  have  another 
crewmember  available  to  provide  assistance  pending  rescue.  These  factors  may  improve  the 
chance  of  survival  for  each  individual. 
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In  those  mishaps  where  there  was  a  delay  in  rescue,  both  operational  and  environmental 
factors  contributed  to  delays  in  reaching  the  mishap  site.  Most  of  the  Army  accidents  occurred  in 
helicopters  where  sudden  aircraft  or  system  failure  usually  results  in  immediate  termination  of 
the  flight.  In  the  mishaps  with  delayed  rescue,  there  was  no  time  for  a  “Mayday”  call  prior  to 
landing. 

The  presence  of  night  and  significant  weather  make  locating  and  reaching  the  mishap  site 
difficult.  Both  factors  also  were  found  to  delay  rescue  in  civilian  accidents. 

If  the  mishap  occurs  in  mountainous  terrain,  survivors  are  more  likely  to  be  isolated  or  in 
difficult  terrain.  This  may  be  expected  to  slow  rescue  personnel  and  delay  their  arrival  at  the 
mishap  site.  Over  water  flight  also  contributes  to  delays  when  the  aircraft  wreckage  sinks.  In 
this  study,  the  single  mishap  requiring  several  days  to  locate  the  wreckage  occurred  over  water. 

The  increased  frequency  of  fatalities  among  delayed  rescue  mishaps  probably  is  an  indirect 
effect.  In  other  words,  there  is  no  information  to  suggest  that  a  delay  caused  fatalities.  In  fact, 
the  operational  and  environmental  factors  that  caused  delays  in  reaching  the  aircrew  are  more 
likely  to  result  in  a  nonsurvivable  mishap 


Summary 

The  U.S.  Army  has  an  excellent  record  in  providing  survival  equipment  for  downed 
aircrew  and  reaching  the  mishap  site  quickly.  There  were  two  or  more  survivors  present  in  over 
70  percent  of  the  mishaps,  which  may  aid  individual  survival.  If  the  aircraft  is  lost  at  night,  in 
adverse  weather,  over  mountainous  terrain  or  water,  rescuers  are  more  likely  to  require  greater 
than  2  hours  to  reach  the  accident  site.  Commanders,  mission  planners,  and  aviators  should  use 
this  guidance  to  emphasize  preflight  survival  planning  and  identify  missions  likely  to  result  in 
rescue  delays. 


References 


Armitage,  P.,  and  Berry,  G.  1987.  Statistical  methods  in  medical  research.  Oxford:  Blackwell 
Scientific.  2nded. 

Chowen,  S.  H.  1990.  PLS:  Taking  the  search  out  of  search  and  rescue.  Aviation  Digest. 
1-90-5:32-3. 


DeHart,  R.  L.,  and  Beers,  K.  N.  1985.  Aircraft  accidents,  survival,  and  rescue.  In:  Funda¬ 
mentals  of  aerospace  medicine.  DeHart,  R.  L.,  ed.  Philadelphia:  Lea  &  Febiger.  862-87. 

Gillespie,  G.,  and  Sloane,  M.  1987.  An  update  of  state-of-the-art  survival  items  for  USN/USMC 
aircrew.  In:  SAFE  Proceedings.  Yoncalla,  OR:  SAFE  Association. 

Mausner,  J.  S.,  and  Kramer,  S.  1985.  Epidemiologv-an  introductory  text.  Philadelphia:  W.  B. 
Saunders. 


